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IMAGE PROCESSING METHOD AND APPARA 1 " 




BACKGROUND OF THE INVENTION 
An image printing apparatus such as a printing apparatus , 
5 printer, or copying machine using a plurality of ink plates , e. g . , 
Y (Yellow), M (Magenta), C (Cyan), and K (blacK) ink plates often 
prints respective images with different textures in order to 
prevent interference between the ink plates . The texture means 
lines, dither, and dots generally used in the image printing 
1 0 apparatus . 

As a method of changing the texture, e.g., the angle of 
the texture is changed to Y = 0° , M = 15° , C = 75° , and K = 
45° for the respective ink plates without changing the period. 
As another method, not only the angle but also the frequency is 
15 changed. 

However, changing the frequency or angle of the texture 
generates a difference in density stability, smoothness, or 
granular noise depending on the characteristics of an image 
processing apparatus. 

2 0 For example, for lines, a line having an angle of 90° , 

i.e., vertical line is resistant to jitter noise (generated by 
paper feed nonuniformity or the like) having a noise component 
perpendicular to the vertical line. To the contrary, an almost 
horizontal line is susceptible to this jitter noise. 
25 If a texture poorest in characteristics (most susceptible 

to noise) is assigned to the most dominant tincture in an input 
original (e.g., M (Magenta) dominant over the flesh color in a 
figure image), the entire image quality degrades. 

In many cases, an original input to the image processing 

3 0 apparatus has a texture when the input original is created by 

the image processing apparatus. In this case, the texture of the 
input original and that of an image output from the image 
processing apparatus interfere with each other to generate moire 
fringes . 

35 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide an image 



processing apparatus capable of preventing generation of moire 
or the like, and increasing the image quality. 

An image processing apparatus according to the present 
invention comprises a printing signal decomposition unit for 
receiving an input image signal and decomposing the input image 
signal into a plurality of color ink signals, a tincture analysis 
unit for analyzing a tincture of the input image using the color 
ink signals, determining dominant priorities of the color ink 
signals, and outputting ink priority signals, a texture 
management unit for assigning texture priorities to a plurality 
of printing textures in accordance with the ink priority signals, 
and a texture assignment unit for assigning the printing textures 
in descending order of the texture priorities to the color ink 
signals in descending order of the dominant priorities. 

According to the present invention, since a texture highest 
in characteristics is assigned to a plate of the most dominant 
ink signal in an input original, a high-quality image can be 
output . 

An image processing apparatus according to the present 
invention comprises a printing signal decomposition unit for 
receiving an input image signal and decomposing the input image 
signal into a plurality of color ink signals, a frequency analysis 
unit for analyzing a dominant two-dimensional frequency 
component of the input image using the color ink signals , a texture 
management unit for managing fundamental frequency components 
of a plurality of printing textures, and a texture assignment 
unit for assigning the printing textures to the color ink signals 
on the basis of the two-dimensional frequency component and the 
fundamental frequency components of the printing textures. 

Since a texture which does not interfere with the frequency 
of an input original is assigned in accordance with this frequency, 
generation of moire or the like can be prevented. 

An image processing method according to the present 
invention comprises the step of receiving an input image signal 
and decomposing the input image signal into a plurality of color 
ink signals, the step of analyzing a tincture of the input image 
using the color ink signals, determining dominant priorities of 



the color ink signals, and generating ink priority signals , the 
step of assigning texture priorities to a plurality of printing 
textures in accordance with the ink priority signals, and the 
step of assigning the printing textures in descending order of 
the texture priorities to the color ink signals in descending 
order of the dominant priorities. 

Further, an image processing method according to the 
present invention comprises the step of receiving an input image 
signal and decomposing the input image signal into a plurality 
of color ink signals, the step of analyzing a dominant 
two-dimensional frequency component of the input image using the 
color ink signals, the step of managing fundamental frequency 
components of a plurality of printing textures, and the step of 
assigning the printing textures to the color ink signals on the 
basis of the two-dimensional frequency component and the 
fundamental frequency components of the printing textures. 

BRIEF DESCRIPTION OF THE DRAWTWflfl 
In the accompanying drawings, 

Fig. 1 is a longitudinal sectional view schematically 
showing the whole internal mechanism of an image processing 
apparatus to which the present invention can be applied; 

Fig . 2 is a block diagram schematically showing the whole 
internal circuit of the image processing apparatus; 

Fig. 3 is a block diagram showing the arrangement of an 
image processor included in the internal circuit; 

Fig. 4 is a block diagram showing the arrangement of an 
image processing apparatus according to the first embodiment of 
the present invention; 

Fig. 5 is a block diagram showing the arrangement of a 
tincture analysis unit in the image processing apparatus of the 
first embodiment; 

Fig. 6 is a block diagram showing the arrangement of a 
texture management unit in the image processing apparatus of the 
first embodiment; 

Fig. 7 is a block diagram showing the arrangement of a 
texture parameter generation unit in the texture management unit 



of the first embodiment; 

Fig. 8 is a block diagram showing the arrangement of a 
texture assignment unit in the image processing apparatus of the 
first embodiment; 

Fig. 9 is a block diagram showing the arrangement of an 
image processing apparatus according to the second embodiment 
of the present invention; 

Fig. 10 is a block diagram showing the arrangement of a 
frequency analysis unit in the image processing apparatus of the 
second embodiment; 

Fig. 11 is a block diagram showing the arrangement of a 
texture management unit in the image processing apparatus of the 
second embodiment; 

Fig. 12 is a block diagram showing the arrangement of a 
texture parameter generation unit in the texture management unit 
of the second embodiment; 

Fig. 13 is a block diagram showing the arrangement of an 
image processing apparatus according to the third embodiment of 
the present invention; 

Fig. 14 is a block diagram showing the arrangement of a 
tincture analysis unit in the jjmage processing apparatus of the 
third embodiment; 

Fig. 15 is a block diagram showing the arrangement of an 
image processing apparatus according to the fourth embodiment 
of the present invention; and 

Fig. 16 is a block diagram showing the arrangement of a 
frequency analysis unit in the image processing apparatus of the 
fourth embodiment. 

DESCRIPTION OF THE PREFERRE D EMBODIMENTS 
The schematic whole internal arrangement of an image 
processing apparatus to which the present invention can be applied 
will be described with reference to Fig. 1. 

The image processing apparatus is, e.g., a digital color 
copying machine for reading a color image on an original, and 
forming and outputting a copy image. This apparatus roughly 
comprises a color scanner section 1 serving as an image reading 



means for reading and inputting a color input original on an 
original, and a color printer section 2 serving as an image 
formation means for forming a copy image of the color input 
original . 

The color scanner section 1 has an original table cover 
3, and an original table 4 formed from a transparent glass which 
faces the closed original table cover 3 and supports an input 
original. An exposure lamp 5 for illuminating an original set 
on the original table 4, a reflector 6 for condensing light from 
the exposure lamp 5 to an original, and a first mirror 7 for 
deflecting light reflected by the original leftward in Fig. 1 
are arranged below the original table 4. 

The exposure lamp 5, reflector 6, and first mirror 7 are 
fixed to a first carriage 8. The first carriage 8 is driven by 
a pulse motor (not shown) via a toothed belt (not shown) or the 
like to move parallel to the lower surface of the original table 
4. 

A second carriage 9 movable parallel to the original table 
4 via a driving mechanism (not shown; e.g., a toothed belt and 
DC motor) is disposed in a direction in which light reflected 
by the first mirror 7 on the left in Fig. 1 is guided with respect 
to the first carriage 8. A second mirror 11 for deflecting 
downward in Fig. 1 the light that is reflected by the original 
and guided by the first mirror 7, and a third mirror 12 for 
deflecting rightward in Fig. 1 the light reflected by the second 
mirror 11 are arranged at right angles on the second carriage 
9. 

The second carriage 9 operates following the first carriage 
8, and moves parallel to the original table 4 at a speed 1/2 that 
of the first carriage 8. 

An imaging lens 13 for forming light reflected by the third 
mirror 12 into an image at a predetermined magnification is 
arranged in a plane containing the optical path of the light 
deflected by the second and third mirrors 11 and 12. A CCD color 
image sensor (photoelectric conversion element) 15 for 
converting the reflected light focused by the imaging lens 13 
into an electrical signal is disposed in a plane substantially 



perpendicular to the optical path of the light having passed 
through the imaging lens 13. 

When light emitted by the exposure lamp 5 is focused on 
an original on the original table 4 via the reflector 6 , the light 
reflected by the original is incident on the color image sensor 
15 via the first mirror 7, second mirror 11, third mirror 12, 
and imaging lens 13. The sensor 15 converts the incident light 
into R, G, and B signals. 

The color printer section 2 has first, second, third, and 
fourth image formation sections lOy, 10m, 10c, and 10k for 
generating image signals separated into respective color 
components Y, M, C, and K on the basis of a known subtractive 
mixing method. 

A convey mechanism 20 including a convey belt 21 serving 
as a convey means for conveying an image of each color formed 
by each image formation section in a direction a in Fig. 1 is 
disposed below the image formation sections lOy, 10m, 10c, and 
10k. The convey belt 21 is looped at a predetermined tension 
between a driving roller 91 which is rotated by a motor (not shown) 
in the direction indicated by the arrow a, and a driven roller 
92 apart from the driving roller 91 by a predetermined distance. 
The convey belt 21 travels endlessly at a predetermined speed 
in the direction indicated by the arrow a.. Note that the image 
formation sections lOy, 10m, 10c, and 10k are aligned along the 
convey direction of the convey belt 21. 

The image formation sections lOy, 10m, 10c, and 10k 
respectively comprise, at positions in contact with the convey 
belt 21, photosensitive drums 61y, 61m, 61c, and 61k serving as 
image carriers whose outer surfaces are formed rotatably in the 
same direction. The photosensitive drums 61y, 61m, 61c, and 61k 
are rotated at a predetermined peripheral speed by a motor (not 
shown ) . 

The photosensitive drums 61y, 61m, 61c, and 61k are 
disposed such that their axes are aligned at an equal interval 
and are perpendicular to a direction in which the convey belt 
21 conveys an image. 

In the following description, the axial direction of the 



photosensitive drums 61y, 61m, 61c, and 61k is defined as a main 
scanning direction (second direction), and the rotational 
direction of the photosensitive drums 6iy, 61m, 61c, and 61k, 
i.e., the rotational direction of the convey belt 21 (direction 
indicated by the arrow a in Fig. 1) is defined as a subscanning 
direction ( first direction ) . 

The photosensitive drums 61y, 61m, 61c, and 61k are 
surrounded sequentially along the rotational direction of waste 
toner recovery screws 66y, 66m, 66c, and 66k by chargers 62y, 
62m, 62c, and 62k serving as charging means extending in the main 
scanning direction, charge removers 63y, 63m, 63c, and 63k, 
developing rollers 64y, 64m, 64c, and 64k serving as developing 
means similarly extending in the main scanning direction, lower 
stirring rollers 67y, 67c, 67m, and 67k, upper stirring rollers 
68y, 68m, 68c, and 68k, transfer devices 93y, 93m, 93c, and 93k 
serving as transfer means similarly extending in the main scanning 
direction, and cleaning blades 65y, 65m, 65c, and 65k similarly 
extending in the main scanning direction. 

The transfer devices 93y, 93m, 93c, and 93k are located 
at positions where they clamp the convey belt 21 together with 
the corresponding photosensitive drums 61y, 61m, 61c, and 61k, 
i.e., inside the convey belt 21. Exposure points by an exposure 
device 50 (to be described later) are formed on the outer surfaces 
of the photosensitive drums 61y, 61m, 61c, and 61k between the 
chargers 62y, 62m, 62c, and 62k and the developing rollers 64y, 
64m, 64c, and 64k. 

Sheet cassettes 22a and 22b which store a plurality of 
sheets P as image formation media (printing media) to which images 
formed by the image formation section 10k are transferred are 
arranged below the convey mechanism 20. 

Pickup rollers 23a and 23b for picking up the sheets P 
stored in the sheet cassettes 22a and 22b one by one from the 
top are arranged at end portions of the sheet cassettes 22a and 
22b near the driven roller 92. Registration rollers 24 for 
registering the leading end of a sheet P picked up from each of 
the sheet cassettes 22a and 22b with the leading end of a y toner 
image formed on the photosensitive drum 61y of the image formation 



section lOy are interposed between the pickup rollers 23a and 
23b and the driven roller 92. 

Toner images formed on the remaining photosensitive drums 
61m, 61c, and 61k are supplied to respective transfer positions 
in synchronism with the convey timing of the sheet P conveyed 
on the convey belt 21. 

A chuck roller 26 for applying an electrostatic chuck force 
to the sheet P conveyed at a predetermined timing via the resist 
rollers 24 is positioned between the resist roller 24 and the 
first image formation section lOy near the driven roller 92, i.e. , 
substantially on the outer surface of the driven roller 92 via 
the convey belt 21. The axes of the chuck roller 26 and driven 
roller 92 are set parallel to each other. 

A positional error sensor 96 for detecting the position 
of a formed image on the convey belt 21 is disposed at an end 
of the convey belt 21 near the driving roller 91, i.e., 
substantially on the outer surface of the driving roller 91 via 
the convey belt 21 . The positional error sensor 96 is formed from, 
e.g., a transmission or reflection type photosensor. 

A convey belt cleaning device 95 for removing toner 
attached to the convey belt 21, paper dust of the sheet P, or 
the like is arranged on the outer surface of the driving roller 
91 and on the convey belt 21 on the downstream side of the 
positional error sensor 96. 

A fixing device 80 is disposed which separates the sheet 
P conveyed via the convey belt 21 from the driving roller 91, 
and heats the sheet P to a predetermined temperature in the convey 
direction to fuse a toner image transferred to the sheet P, thereby 
fixing the toner image on the sheet P. The fixing device 80 is 
constituted by a pair of heat rollers 81, oil coating rollers 
82 and 83, a web winding roller 84, a web roller 85, and a web 
press roller 86. The toner applied to the sheet P is fixed to 
the sheet, and the sheet P is discharged by a pair of discharge 
rollers 87. 

The exposure device 50 for forming color-separated 
electrostatic latent images on the outer surfaces of the 
photosensitive drums 61y, 61m, 61c, and 61k has a semiconductor 
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laser oscillator 60 which is controlled to emit light on the basis 
of image data Y, M, C, and K for the respective colors separated 
by an image processor 36 ( to be described later ) . A polygon mirror 
51 which reflects a laser beam to scan and is rotated by a polygon 
5 motor 54 , and f 6 lenses 52 and 53 which correct the focal point 
of the laser beam reflected via the polygon mirror 51 and form 
the laser beam into an image are sequentially arranged along the 
optical axis of the semiconductor laser oscillator 60. 

First deflection mirrors 55y, 55m, 55c, and 55k for 

1 0 deflecting laser beams of respective colors having passed through 
the f 6 lens 53 toward the exposure positions of the 
photosensitive drums 61y, 61m, 61c, and 61k, and second and third 
deflection mirrors 56y, 56m, 56c, 57y, 57m, and 57c for further 
deflecting the laser beams deflected by the first deflection 

15 mirrors 55y, 55m, 55c, and 55k are interposed between the id lens 
53 and the photosensitive drums 61y, 61m, 61c, and 61k. 

A laser beam for black is deflected by the first deflection 
mirror 55k, and then guided to the photosensitive drum 61k without 
the mediacy of another mirror. 

2 0 The circuit arrangement of the image processing apparatus 

will be explained with reference to Fig. 2. The control system 
in this circuit is comprised of three CPUs, i.e. , a main CPU 1091 
in a main control section 1030, a scanner CPU 1100 in a color 
scanner section 1001, and a printer CPU 1110 in a color printer 
25 section . 1002 . 

The main CPU 1091 performs two-way communication with the 
printer CPU 1110 via a shared RAM 1035. The main CPU 1091 outputs 
an operation instruction, whereas the printer CPU 1110 outputs 
status information. The printer CPU 1110 and scanner CPU 1100 

3 0 serially communicate with each other. The printer CPU 1110 

outputs an operation instruction, whereas the scanner CPU 1100 
outputs status information. 

An operation panel 1040 comprises a liquid crystal display 
1042, various operation keys 1043, and a panel CPU 1041 connected 
3 5 to them. The operation panel 1040 is connected to the main CPU 
1091. 

The main control section 1030 comprises the main CPU 1091, 
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a ROM 1032, a RAM 1033, an NVRAM (Nonvolatile RAM) 1034, the shared 
RAM 1035, an image processor 1036, a page memory controller 1037, 
a page memory 1038, a printer controller 1039, and a printer font 
ROM 1121. 

5 The main CPU 1091 performs the whole control- The ROM 1032 

records control processes and the like, and the RAM 1033 
temporarily stores data. 

The NVRAM 1034 is a nonvolatile memory backed up by a 
battery (not shown) , and can hold data even if no power is supplied 
10 from the power supply. 

The shared RAM 1035 is used to perform two-way 
communication between the main CPU 1091 and the printer CPU 1110. 

The page memory controller 1037 stores and reads out image 
information in and from the page memory 1038. The page memory 
15 1038 has an area enough to store image information of a plurality 
of pages, compresses image information from the color scanner 
section 1001, and stores data in units of pages. 

The printer font ROM 1121 stores font data corresponding 
to print data. The printer controller 1039 generates image data 

2 0 from print data output from an external device 1122 such as a 

personal computer at a resolution corresponding to data 
representing a resolution assigned to the print data by using 
font data stored in the printer font ROM 1121. 

The color scanner section 1001 comprises the ROM 1101 for 
25 performing the whole control, a ROM 1101 storing control programs 
and the like, a RAM 1102 for storing data, a CCD driver 1103 for 
driving the color image sensor (not shown), a scanning motor 
driver 1104 for controlling rotation of a scanning motor for 
moving the first carriage (not shown), and an image correction 

3 0 unit 1105. 

The image correction unit 1105 has an A/D conversion 
circuit for converting R, G, and B analog signals output from 
the color image sensor (not shown) into digital signals, a shading 
correction circuit for correcting variations in threshold level 
35 with respect to an output signal from the color image sensor that 
are caused by variations in characteristics of the color image 
sensor or changes in ambient temperature, and a line memory for 
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temporarily storing a corrected digital signal output from the 
shading correction circuit. 

The color printer section 1002 comprises a ROM 1111 storing 
control programs or the like, a RAM 1112 for storing data, a laser 
5 driver 1113 for driving the semiconductor laser oscillator (not 
shown) , a polygon motor driver 1114 for driving the polygon motor 
of the exposure device {not shown), a convey controller 1115 for 
controlling conveyance of the sheet P by the convey mechanism 
(not shown) , a process controller 1116 for controlling processes 

10 for performing charging, development, and transfer using the 
charger, developing roller, and transfer device, a fixing 
controller 1117 for controlling the fixing device (not shown), 
and an option controller 1118 for controlling options. 

The image processor 1036, page memory 1038, printer 

15 controller 1039, image correction unit 1105, and laser driver 
1113 are connected via an image data bus 1120. 

The image processor 1036 executes color conversion, 
zooming, spatial filter processing, y conversion, and halftone 
processing to convert R, G, and B image data into C, M and Y image 

2 0 data. As shown in Fig. 3, the image processor 1036 is made up 
of a color converter 1131, zooming unit 1132, spatial filter 1133, 
y converter 1134, and halftone processor 1135. 

R, G, and B image data output from the color scanner section 
1001 are transferred to the color converter 1131 where they are 

25 converted into C, M, and Y image data. The image data output from 
the color converter 1131 undergo zooming processing by the zooming 
unit 1132, and spatial filter processing by the spatial filter 
1133 . After that, the image data undergo y conversion processing 
by the y converter 1134, and halftone processing by the halftone 

30 processor 1135, i.e., stable tone reproduction processing for 
high-density portions. Then, the image data are transferred to 
the color printer section 1002. 

The 7 converter 1134 corrects the y characteristic of the 
printer. In correction, the y converter 1134 refers to y tables 

35 set for respective C, M, Y, and K. 

The halftone processor 1135 executes tone processing for 
an image signal, and converts the image signal into a printing 
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device driving signal. The halftone processor 1135 performs 
quantization or image density conversion corresponding to the 
characteristics of a printing device for an input signal requested 
by the printing device so as not to degrade the tone of an image 
5 density signal. 

The printing device driving signal is a laser driving pulse 
signal for a pulse width modulation printer, and contains 
information about a reference position and the length of a driving 
pulse for driving a printer laser modulator. The reference 
10 position represents which of the left end, right end, and center 
within the pixel is to be driven. 

The printing device driving signal is also a laser driving 
pulse signal for a power modulation printer. In this case, the 
pulse width is always constant, and the energy intensity of a 
15 pulse defines the density level. 

The color printer section 1002 forms a printing image in 
accordance with a printing device driving signal. When the 
printer section 1002 is of pulse width modulation type, the 
printing device driving signal is a driving pulse signal, and 
2 0 a laser is ON/OFF-controlled in accordance with the driving pulse . 

Image processing apparatuses according to the first to 
fourth embodiments of the present invention applicable to the 
image processing apparatus having the above arrangement will be 
described with reference to the accompanying drawings. 
25 As shown in Fig. 4 , an image processing apparatus according 

to the first embodiment of the present invention comprises an 
image input unit 100, printing signal decomposition unit 200, 
storage unit 250, tincture analysis unit 500, texture management 
unit 600, texture assignment unit 300, and image printing unit 
30 400. 

The image input unit 100 receives an input original IN20, 
optically reads it using, e.g. , a photosensor, photoelectrically 
converts the read signal, and decomposes the signal into color 
ink signals . More specifically, the image input unit 100 outputs , 
35 e.g., R, G, and B signals 120 as tristimulus values. 

The printing signal decomposition unit 200 receives the 
R, G, and B signals 120, converts them into, e.g., four C, M, 
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Y, and K ink plate signals as a printing ink signal 220 using 
a known LUT (Look Up Table), Neugebauer equation, and the like, 
and outputs the printing ink signal 220. 

The storage unit 250 receives and temporarily stores the 
5 printing ink signal 220. To reduce the storage capacity, the 
storage unit 250 may store R, G, and B signals or compressed 
signals as the printing ink signal 220. 

The tincture analysis unit 500 receives the stored printing 
ink signal 220, decomposes it into ink signals of the respective 
10 colors, analyzes the tincture of the input original IN20, and 
determines the dominant priorities of the respective color ink 
signals. More specifically, the tincture analysis unit 500 
analyzes the tincture for the respective ink colors using the 
printing ink signal 220, obtains the priorities of the respective 
15 ink plates, and outputs a priority signal 520. 

The texture management unit 600 receives the priority 
signal 520, and outputs a texture parameter 620 of the respective 
ink plates . The texture parameter 620 assigns texture priorities 
to various printing textures. 

2 0 The texture assignment unit 300 receives the texture 

parameter 620, performs texture generation processing for the 
respective ink plates, and outputs a texture image signal 320 
in the CMYK format. 

The storage unit 250 and texture assignment unit 300 can 
25 transmit/receive the printing ink signal 220 two ways. The 
texture assignment unit 300 can also receive the printing ink 
signal 220 stored in the storage unit 250 to output the texture 
image signal 320. 

Even if a long time is taken to analyze the priorities of 

3 0 the respective ink plates in the tincture analysis unit 500 due 

to the transmission/reception of signals, an image is temporarily 
recorded in the storage unit 250, and no problem arises in image 
processing. 

The image printing unit 400 prints an image on a printing 
35 medium based on the texture image signal 320, and outputs the 
image as a printed image 420. 

In tincture analysis, an ink plate having a larger total 
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ink amount can be regarded to be dominant. The total ink amount 
of each ink plate in each region (entire page or each block region) 
of interest is attained, and an ink plate having the largest total 
amount is regarded as a dominant ink plate in this region. 
5 This will be expressed as an equation. Assume that the 

region of interest has N pixels i (i = 1, 2, , N) from pixel 

0 to pixel N (N is an integer of 1 or more) . Let Yi, Mi, Ci, and 
Ki be pixel values at pixel i for the respective ink plates . Then, 
the total ink amounts of the respective ink plates are given by 

10 SUMc = Eci, SUMm = 2Mi, SUMy = EYi, SUMk = SKi 

SUMc, SUMm, SUMy, and SUMk are aligned in descending order 
of the value as the order of more dominant colors. 

Depending on the original, a specific density is important 
on a granular surface. For example, on an original including a 

15 person, a specific density region of M is important for the flesh 
color. 

In this case, the image processing apparatus can 
effectively use SUMc = 2Wci*Ci, SUMm = 2wmi*Mi, SUMy = 2Wyi*Yi, 
and SUMk = 2wki*Ki calculated by multiplying the respective ink 
20 densities by weights Wei, Wmi, Wyi, and Wki. 

The first embodiment having the above arrangement can 
analyze the tincture of an input image, i.e., the dominant 
priorities of C, M, Y, and K, and assign stable, smooth textures 
in order from the most dominant ink plate, thereby realizing 
25 stable, smooth tone and color reproducibility. 

A stable, smooth texture means a texture which is almost 
free from noise contained in an output, or is excellent in color 
reproducibility when a plurality of images are output. 

As a method of obtaining such a texture, the density value 
3 0 of an output is measured using a densitometer or the like, and 
output values with respect to inputs are plotted on a graph. A 
texture in which a change in the density value of an output with 
respect to a change in input is small and stable corresponds to 
a stable, smooth texture. 
3 5 The detailed arrangement of the tincture analysis unit 500 

will be explained with reference to Fig. 5. 

The tincture analysis unit 500 comprises total pixel value 
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calculation units 522, 524, 526, and 528 in correspondence with 
the respective C, M, Y, and K ink plates, and a magnitude 
comparison unit 540 for comparing their outputs. 

The total pixel value calculation units 522, 524, 526, and 
5 528 receive corresponding color plate ink signals 542, 544, 546, 
and 548 which are contained in the printing ink signal 220 and 
decomposed into signals of the respective ink plates. The total 
pixel value calculation units 522, 524, 526, and 528 calculate 
total ink amounts included in the corresponding ink plates, and 
10 output the total ink amounts as total ink signals 562, 564, 566, 
and 568. 

The magnitude comparison unit 540 compares the total ink 
signals 562, 564, 566, and 568, sets ink priorities in descending 
order of the ink amount, and outputs ink priority signals 582, 
15 584, 586, and 588. 

The output ink priority signals 582, 584, 586, and 588 of 
the respective inks are output as one priority signal 520, which 
is input to the texture management unit 600. 

The detailed arrangement of the texture management unit 

2 0 600 will be explained with reference to Fig. 6. 

The texture management unit 600 comprises texture 
parameter generation units 622, 624, 626, and 628 in 
correspondence with the respective ink plates. The texture 
parameter generation units 622, 624, 626, and 628 receive the 
25 corresponding ink priority signals 582, 584, 586, and 588 from 
the input priority signal 520, and output ink texture parameters 
642, 644, 646, and 648. The ink texture parameters 642, 644, 646, 
and 648 are combined into one signal, and output as the texture 
parameter 620 to the texture assignment unit 300. 

3 0 The detailed arrangement of the texture parameter 

generation units 622, 624, 626, and 628 will be described with 
reference to Fig. 7 by exemplifying the texture parameter 
generation unit 622. The remaining texture parameter generation 
units 624, 626, and 628 have the same arrangement, and a 
35 description thereof will be omitted. 

The texture parameter generation unit 622 has first, second, 
third, and fourth priority texture parameter storage units 662, 
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664, 666, and 668, and a selector 670. 

The first, second, third, and fourth priority texture 
parameter storage units 662, 664, 666, and 668 store image 
processing parameters 682, 684, 686, and 688 corresponding to 
priorities. The selector 670 selects and outputs as the ink 
texture parameter 642 one of the image processing parameters 682, 
684, 686, and 688 on the basis of the ink priority signal 520. 

The image processing parameters 682, 684, 686, and 688 are 
various control values which shift pixel values to adjacent ones 
and are necessary in generating various textures such as vertical 
lines and modulation screen. These parameters are given in 
advance to the first, second, third, and fourth priority texture 
parameter storage units 662, 664, 666, and 668 where the 
parameters are stored. 

Fig. 8 shows the arrangement of the texture assignment unit 

300. 

The texture assignment unit 300 comprises a texture 
generation unit 340. The texture generation unit 340 receives 
the texture parameter 620, and performs image processing for the 
printing ink signal 220 using either one of, e.g. , dithering and 
line formation as a known method. The texture generation unit 
340 outputs the obtained processing result as the texture image 
signal 320. 

The second embodiment of the present invention will be 
described with reference to Fig. 9 showing the arrangement. The 
first embodiment is suitable in printing an input original not 
containing any dot information, like an output from a digital 
camera . 

To the contrary, the second embodiment is suitable in 
copying and printing an input original having dot information, 
like a print. 

An image processing apparatus according to the second 
embodiment comprises an image input unit 100, printing signal 
decomposition unit 200, storage unit 250, frequency analysis unit 
550, texture assignment unit 300, texture management unit 602, 
and image printing unit 400. 

Compared to the first embodiment, the second embodiment 
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comprises the frequency analysis unit 550 instead of the tincture 
analysis unit 500. The tincture analysis unit 500 in the first 
embodiment receives the printing ink signal 220 to output the 
priority signal 520. To the contrary, the frequency analysis 
5 unit 550 in the second embodiment receives an identical printing 
ink signal 220, analyzes the frequency of a contained ink signal 
for each ink plate, analyzes a fundamental frequency in an input 
original IN20, and outputs a fundamental frequency • angle signal 
521. 

10 Compared to the texture management unit 600 in the first 

embodiment, the texture management unit 602 in the second 
embodiment receives a different signal, so that the texture 
management unit is denoted by the different reference numeral 
"602" in the second embodiment. 

15 The detailed arrangement of the frequency analysis unit 

550 will be explained with reference to Fig. 10. The frequency 
analysis unit 550 has frequency space conversion units 532, 534, 
536 , and 538 , and fundamental frequency -angle determination units 
552, 554, 556, and 558. 

2 0 The frequency space conversion units 532, 534, 536, and 

538 receive corresponding signals 542, 544, 546, and 548 of the 
printing ink signal 220 that are decomposed into corresponding 
ink plates. The frequency space conversion units 532, 534, 536, 
and 538 use known Fourier transformation or the like to convert 
25 the signals 542, 544, 546, and 548 into two-dimensional frequency 
space image signals 572, 574, 576, and 578. 

The fundamental frequency • angle determination units 552, 
554, 556, and 558 receive the corresponding two-dimensional 
frequency space image signals 572, 574, 576, and 578, and obtain 

3 0 two-dimensional frequency components having the maximum power 

except for DC components . The fundamental frequency • angle 
determination units 552, 554, 556, and 558 output, as pieces of 
ink frequency • angle information 592, 594, 596, and 598, these 
frequencies and angles calculated by the ratios of the horizontal 
35 and vertical components of the frequencies. 

The pieces of ink frequency • angle information 592, 594, 
596, and 598 are combined into one information, and output as 
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the fundamental frequency • angle signal 521. 

In frequency analysis, Fourier analysis is generally the 
simplest analysis with high precision. As an effective method, 
each region (entire page or each block region) is 
5 Fourier-transformed to attain a two-dimensional frequency 

component, and a frequency having the maximum power except for 
a DC component is set as a fundamental frequency component. 

If texture angles are independently calculated for the 
respective colors using the fundamental frequency components of 
10 the respective colors, a plurality of color plates may use the 
same texture angle. This situation can be avoided by using pieces 
of fundamental frequency information of the four colors as 
addresses and obtaining texture angles from the LUT for outputting 
pieces of texture angle information of the four colors. 
15 The texture management unit 602 will be explained with 

reference to Fig. 11 showing the arrangement. 

The texture management unit 602 has an angle • frequency 
parameter calculation LUT 630, and texture parameter generation 
units 652, 654, 656, and 658 corresponding to the respective 

2 0 output plates. 

The angle • frequency parameter calculation LUT 630 uses 
the pieces of ink frequency • angle information 592, 594, 596, and 
598 as addresses to output pieces of texture frequency • angle 
information 632, 634, 636, and 638 for the respective ink plates. 
25 In this case, the pieces of information 632, 634, 636, and 638 
are generated not independently for the four colors but in 
conjunction with the four colors. This can avoid any situation 
in which a plurality of ink plates use textures having the same 
angle and frequency. 

3 0 The texture parameter generation units 652, 654, 656, and 

658 receive the corresponding pieces of texture frequency • angle 
information 632, 634, 636, and 638, and output ink texture 
parameters 672, 674, 676, and 678. The ink texture parameters 
672, 674, 676, and 678 are combined into one parameter, and output 
35 as a texture parameter 620. 

Of the texture parameter generation units 652, 654, 656, 
and 658, for example, the generation unit 652 has the arrangement 
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shown in Fig. 12. The remaining generation units 654, 656, and 
658 also have the same arrangement, and a description thereof 
will be omitted. 

The texture parameter generation unit 652 comprises first, 
5 second,..., Nth texture parameter storage units 691, 692,..., 
69N (N is an integer of 1 or more), and a selector 695. 

The first, second, . . . , Nth texture parameter storage units 

691, 692, , 69N output texture parameters 1001, 1002, , 100N. 

The selector 695 selects one of the texture parameters 1001, 

10 1002, — , 10 ON in accordance with the texture frequency • angle 
information 632, and outputs the selected parameter as the ink 
texture parameter 672. In this case, the number N is a value 
corresponding to the dynamic range of the texture frequency • 
angle information 632 equivalent to, e.g., a selector address 

15 signal. 

An image processing apparatus according to the third 
embodiment of the present invention will be described with 
reference to Fig. 13. 

The image processing apparatus according to the third 

20 embodiment comprises an image input unit 100, printing signal 
decomposition unit 200, storage unit 250, tincture analysis unit 
502, block region analysis unit 700, texture assignment unit 300, 
texture management unit 600, and image printing unit 400. 

The third embodiment is different from the first embodiment 

25 in the block region analysis unit 700 . The block region analysis 
unit 700 analyzes the structure of an original from an input 
printing ink signal 220 for each block, and outputs the analyzed 
structure as a block information signal 720 to the tincture 
analysis unit 502. 

30 When a plurality of photographs or charts are on the same 

page of an original, a method of determining the tincture for 
each block is effective. For this reason, the third embodiment 
adopts the block region analysis unit 700. 

Fig. 14 shows the arrangement of the tincture analysis unit 

35 502 in the third embodiment. The tincture analysis unit 502 has 
total pixel value calculation units 522, 524, 526, and 528 
corresponding to the respective plates, and a magnitude 
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comparison unit 540. 

The total pixel value calculation units 522, 524, 526, and 
528 receive corresponding color plate ink signals 542, 544, 546, 
and 548 which are contained in a printing ink signal 220 and 
5 decomposed into signals of the respective ink plates. The total 
pixel value calculation units 522, 524, 526, and 528 generate 
the total ink amounts of the respective plates contained in a 
specific page, and output the total ink amounts as total ink 
signals 562, 564, 566, and 568. 

10 At this time, the total pixel value calculation units 522, 

524, 526, and 528 receive the block region signal 720 output from 
the block region analysis unit 700, and calculate the total ink 
signals 562, 564, 566, and 568 for each block. The magnitude 
comparison unit 540 compares the magnitudes of the total ink 

15 signals 562, 564, 566, and 568, and assigns ink priority signals 
582, 584, 586, and 588 in descending order of the priority to 
the total ink signals 562, 564, 566, and 568 in descending order 
of the value. 

The magnitude comparison unit 540 also receives the block 
20 information signal 720, and obtains ink priority signals 582, 
584, 586, and 588 for each block. The ink priority signals 582, 
584, 586, and 588 are combined into one signal, and output as 
a priority signal 520. 

An image processing apparatus according to the fourth 
25 embodiment of the present invention will be described with 
reference to Fig. 15. 

Similar to the third embodiment, an image printing 
apparatus of the present invention analyzes each block. The 
contents of the analysis are the same as in the second embodiment. 
30 The fourth embodiment is more effective when, e.g., an input 
original is a print having dot information. When photographs or 
charts having different frequencies and angles are on in a single 
page of an original, the fourth embodiment determines the 
frequency and angle of the original for each block, and decomposes 
35 an input image signal into color ink signals. 

Unlike the second embodiment, the fourth embodiment 
employs a block region analysis unit 700. The block region 
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analysis unit 700 analyzes the structure of an input original 
IN20 from a printing ink signal 220, and outputs the analyzed 
result as a block region signal 720 to a frequency analysis unit 
511. 

5 Fig. 16 shows the arrangement of the frequency analysis 

unit 511 in the fourth embodiment. 

The frequency analysis unit 511 has frequency space 
conversion units 532, 534, 536, and 538, and fundamental 
frequency • angle determination units 552, 554, 556, and 558. 

10 The frequency space conversion units 532, 534, 536, and 

538 receive corresponding signals 542, 544, 546, and 548 which 
are contained in the printing ink signal 220 and decomposed into 
signals of the respective ink plates, and convert the signals 
542, 544, 546, and 548 into two-dimensional frequency space image 

15 signals 572, 574, 576, and 578 using known Fourier transformation 
or the like. 

At this time, the frequency space conversion units 532, 
534, 536, and 538 convert the signals into the two-dimensional 
frequency space image signals 572, 574, 576, and 578 for each 

2 0 block on the basis of the block region signal 720. 

The fundamental frequency • angle determination units 552 , 
554, 556, and 558 receive the corresponding two-dimensional 
frequency space image signals 572, 574, 576, and 578, and obtain 
two-dimensional frequency components having the maximum power 

25 except for DC components. The fundamental frequency • angle 

determination units 552, 554, 556, and 558 output, as pieces of 
ink frequency • angle information 592, 594, 596, and 598, these 
frequencies and angles calculated by the ratios of the horizontal 
and vertical components of the frequencies. 

30 At this time, the fundamental frequency • angle 

determination units 552, 554, 556, and 558 obtain the pieces of 
ink frequency - angle information 592, 594, 596, and 598 for each 
block in accordance with the block region signal 720. 

The pieces of ink frequency • angle information 592, 594, 

35 596, and 598 are combined into one information, and output as 
a fundamental frequency • angle signal 521. 

The above-described embodiments are merely examples, and 
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do not limit the present invention. For example, the 
arrangements of the tincture analysis unit, texture management 
unit, texture parameter generation unit, and texture assignment 
unit are not limited to the ones shown in Figs . 5 , 6 , 7 , and 8 , 
5 and can be modified as needed. 
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W HAT IS CLAIMED I S; 

1. An image processing apparatus comprising: 

a printing signal decomposition unit for receiving an input 
image signal and decomposing the input image signal into a 
plurality of color ink signals; 

a tincture analysis unit for analyzing a tincture of the 
input image using the color ink signals, determining dominant 
priorities of the color ink signals, and outputting ink priority 
signals; 

a texture management unit for assigning texture priorities 
to a plurality of printing textures in accordance with the ink 
priority signals; and 

a texture assignment unit for assigning the printing 
textures in descending order of the texture priorities to the 
color ink signals in descending order of the dominant priorities. 

2. An apparatus according to claim 1, wherein 

said apparatus further comprises block division means for 
dividing the input image signal into a plurality of block regions 
for each page, and 

said tincture analysis unit analyzes the tincture of the 
input image for each divided block. 

3. An apparatus according to claim 1, wherein said tincture 
analysis unit obtains sums of the respective color ink signals 
contained in the input image, and assigns higher dominant 
priorities to the color ink signals in descending order of the 
sums . 

4. An apparatus according to claim 1, wherein said tincture 
analysis unit obtains first sums of the respective color ink 
signals contained in the input image, obtains second sums 
calculated by multiplying the first sums by weighting 
coefficients corresponding to the color ink signals, and assigns 
higher dominant priorities to the color ink signals in descending 
order of the second sums. 
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5. An apparatus according to claim 1, wherein said tincture 
analysis unit comprises: 

a plurality of total pixel value calculation units which 
are arranged for the respective color ink signals, and receive 
the corresponding color ink signals contained in the input image 
signal to obtain total color ink amounts; and 

a magnitude comparison unit for comparing the total color 
ink amounts obtained by said total pixel value calculation units , 
and outputting the ink priority signals on the basis of a 
comparison result. 

6. An apparatus according to claim 1, wherein said texture 
management unit sets a texture having the highest priority as 
a vertical line. 

7. An apparatus according to claim 1, wherein said texture 
management unit comprises a plurality of texture parameter 
generation units which are arranged for the respective color ink 
signals, and generate texture parameters of the corresponding 
color ink signals in accordance with the ink priority signals 
of the corresponding color ink signals. 

8. An apparatus according to claim 7, wherein each texture 
parameter generation unit comprises: 

n (n is an integer of not less than 2) priority texture 
parameter storage units for storing in advance and outputting 
image processing parameters for n priorities; and 

a selector for selecting any one of the image processing 
parameters output from said priority texture parameter storage 
units in accordance with the ink priority signals, and outputting 
the selected image processing parameter as the texture parameter. 

9. An apparatus according to claim 7, wherein said texture 
assignment unit receives the color ink signals and the texture 
parameters, performs image processing for the color ink signals 
using the texture parameters, and assigns the printing textures 
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in descending order of the texture priories to the color ink 
signals in descending order of the dominant priorities. 

10. An image processing apparatus comprising: 

a printing signal decomposition unit for receiving an input 
image signal and decomposing the input image signal into a 
plurality of color ink signals; 

a frequency analysis unit for analyzing a dominant 
two-dimensional frequency component of the input image using the 
color ink signals; 

a texture management unit for managing fundamental 
frequency components of a plurality of printing textures; and 

a texture assignment unit for assigning the printing 
textures to the color ink signals on the basis of the 
two-dimensional frequency component and the fundamental 
frequency components of the printing textures. 

11. An apparatus according to claim 10, wherein 

said apparatus further comprises block division means for 
dividing the input image signal into a plurality of block regions 
for each page, and 

said frequency analysis unit analyzes the dominant 
two-dimensional frequency component of the input image for each 
divided block. 

12. An apparatus according to claim 10, wherein said frequency 
analysis unit sets as the dominant two-dimensional frequency 
component a component having maximum power except for a DC 
component in two-dimensional frequency components of the 
respective color ink signals of the input image. 

13 . An apparatus according to claim 10, wherein said frequency 
analysis unit comprises: 

a plurality of frequency space conversion units which are 
arranged for the respective color ink signals, receive the 
corresponding decomposed color ink signals, and convert the 
corresponding color ink signals into two-dimensional frequency 
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space image signals to output the two-dimensional frequency space 
image signals; and 

a plurality of fundamental frequency • angle determination 
units which are arranged for the respective color ink signals, 
receive the corresponding two-dimensional frequency space image 
signals, and obtain two-dimensional frequency components having 
maximum power except for a DC component to output, as pieces of 
ink frequency • angle information, the frequencies and angles 
calculated by ratios of horizontal and vertical components of 
the frequencies. 

14. An apparatus according to claim 13, wherein said texture 
management unit comprises: 

an angle • frequency parameter calculation look-up table 
which receives the pieces of ink frequency • angle information to 
output pieces of texture frequency • angle information in 
correspondence with the respective color ink signals; and 

a plurality of texture parameter generation units which 
are arranged for the respective color ink signals, and receive 
the pieces of texture frequency • angle information to output ink 
texture parameters for the corresponding color ink signals. 

15. An apparatus according to claim 14, wherein said texture 
parameter generation unit comprises: 

m (m is an integer of not less than 2) texture parameter 
storage units which are arranged for m textures, and store in 
advance and output texture parameters for the respective 
textures ; and 

a selector which receives the m texture parameters and the 
texture frequency • angle information to output any one of the ink 
texture parameters on the basis of the texture frequency • angle 
information. 

16. An image processing method comprising the steps of: 
receiving an input image signal and decomposing the input 

image signal into a plurality of color ink signals; 

analyzing a tincture of the input image using the color 
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ink signals, determining dominant priorities of the color ink 
signals, and generating ink priority signals; 

assigning texture priorities to a plurality of printing 
textures in accordance with the ink priority signals; and 

assigning the printing textures in descending order of the 
texture priorities to the color ink signals in descending order 
of the dominant priorities. 

17. A method according to claim 16, wherein 

the method further comprises the step of dividing the input 
image signal into a plurality of block regions for each page, 
and 

the step of analyzing the tincture of the input image 
comprises performing the analysis for each divided block. 

18. A method according to claim 16, wherein the step of 
analyzing the tincture of the input image comprises obtaining 
sums of the respective color ink signals contained in the input 
image signal, and assigning higher dominant priorities to the 
color ink signals in descending order of the sums. 

19. A method according to claim 16, wherein the step of 
analyzing the tincture of the input image comprises obtaining 
first sums of the respective color ink signals contained in the 
input image signal, obtaining second sums calculated by 
multiplying the first sums by weighting coefficients 
corresponding to the color ink signals, and assigning higher 
dominant priorities to the color ink signals in descending order 
of the second sums. 

20. A method according to claim 16, wherein the step of 
analyzing the tincture of the input image comprises: 

receiving the corresponding color ink signals contained 
in the input image signal, and obtaining total color ink amounts; 
and 

comparing the total color ink amounts, and generating the 
ink priority signals on the basis of a comparison result. 
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21. A method according to claim 16, wherein the step of 
assigning the texture priorities comprises setting a texture 
having the highest priority as a vertical line. 

22. A method according to claim 16, wherein the step of 
assigning the texture priorities comprises generating texture 
parameters of the corresponding color ink signals in accordance 
with the ink priority signals of the corresponding color ink 
signals. 

23. A method according to claim 22, wherein the step of 
generating the texture parameters comprises the steps of: 

storing in advance and outputting image processing 
parameters for n priorities; and 

selecting any one of the image processing parameters in 
accordance with the ink priority signals, and outputting the 
selected image processing parameter as the texture parameter. 

24. A method according to claim 22, wherein the step of 
assigning the printing textures to the color ink signals comprises 
receiving the color ink signals and the texture parameters, 
performing image processing for the color ink signals using the 
texture parameters, and assigning the printing textures in 
descending order of the texture priories to the color ink signals 
in descending order of the dominant priorities. 

25. An image processing method comprising the steps of: 
receiving an input image signal and decomposing the input 

image signal into a plurality of color ink signals; 

analyzing a dominant two-dimensional frequency component 
of the input image using the color ink signals; 

managing fundamental frequency components of a plurality 
of printing textures; and 

assigning the printing textures to the color ink signals 
on the basis of the two-dimensional frequency component and the 
fundamental frequency components of the printing textures. 
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26. A method according to claim 25, wherein 

the method further comprises the step of dividing the input 
image signal into a plurality of block regions for each page, 
and 

the step of analyzing the two-dimensional frequency 
component comprises analyzing the dominant two-dimensional 
frequency component of the input image for each divided block. 

27. A method according to claim 25, wherein the step of 
analyzing the two-dimensional frequency component comprises 
setting as the dominant two-dimensional frequency component a 
component having maximum power except for a DC component in 
two-dimensional frequency components of the respective color ink 
signals of the input image. 

28. A method according to claim 25, wherein the step of 
analyzing the two-dimensional frequency component comprises the 
steps of: 

receiving the corresponding decomposed color ink signals , 
and converting the corresponding color ink signals into 
two-dimensional frequency space image signals to output the 
two-dimensional frequency space image signals; and 

receiving the corresponding two-dimensional frequency 
space image signals, and obtaining two-dimensional frequency 
components having maximum power except for a DC component to 
output, as pieces of ink frequency • angle information, the 
frequencies and angles calculated by ratios of horizontal and 
vertical components of the frequencies. 

29. A method according to claim 2 8 , wherein the step of managing 
the fundamental frequency components of the printing textures 
comprises the steps of: 

receiving the pieces of ink frequency • angle information 
to output pieces of texture frequency • angle information in 
correspondence with the respective color ink signals; and 

receiving the pieces of texture frequency • angle 
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information to output ink texture parameters for the 
corresponding color ink signals. 

30. A method according to claim 29, wherein the step of 
generating the texture parameters comprises the steps of: 

setting texture parameters for m textures , and storing in 
advance and outputting the texture parameters for the respective 
textures ; and 

receiving the m texture parameters and the texture 
frequency • angle information to output any one of the ink texture 
parameters on the basis of the texture frequency • angle 
information. 
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ABSTRACT OF THF, DISCLOSURE 

The tincture of an input image is analyzed, and stable, 
smooth screen angles are assigned in descending order from the 
most dominant color. When the input image has dot information, 
like a print, the two-dimensional frequency components of the 
input image for C, M, Y, and K are analyzed, screen angles and 
frequencies which do not interfere with these components are 
analyzed, and various textures are assigned to the respective 
colors on the basis of the analysis result. Accordingly, an image 
which is stable and smooth in tone and excellent in color 
reproducibility can be output. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



Sx©f£l?fs S5|g©5B5fe^- LXSWi-, ^©ft^fflftfclBtt^^X My residence, post office address and citizenship a 



I believe I am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled 

"IMAGE PROCESSING METHOD AND 
APPARATUS" 



the specification of which is attached hereto unless the following 
box is checked: 



was filed on October 26, 2000 
as United States Application Number o 
PCT International Application Number 
09/696,738 and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 



Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
Office. Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and 
Trademarks Washington T)C 20231 
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B© WIS, B^tt#H6W©'J>fc< hi>-H£fl5£UTV^*H 
SAII3 5fefg3 6 5H&(a)Ci5PCTBB{tBilCo^T, H 
*H9i(a)- (d)«ii^3 6 5 b )JBfc£^T«ft 



Prior Foreign Application(s) 
^B-e©5fcfrta» 



(Number) 



(Country) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 (a)-(d) or 365(b) of any foreign appfication(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a 
filing date before that of the application on which priority is 
claimed. 

Priority Not Claimed 
□ 



(Day/Month/Year Filed) 



(Number) 



*at«!3 5111 9 3&(e)«©fiJ3$££sK-$-«o 



(Day/Month/Year Filed) 
(ffiiB/^A) 

t I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 



(Application No.) (Filing Date) 

SV^&SPCTSKmSItot,xT%, -£©|SIfg3 6 5iS=(c)fc 

atJ<wiis^5g-rs 0 *ffin©^!f#wii5R©«H0^s 
«iMi3 5feii 1 z^mimzm^Htzmmr, 

js^rii, zcDfG'n&mommu tumft turns s &kp c tb 
shjkh i:©ia©«}iair'tx^ ^*ifefis*-e, a^siosA^ 3 
7mmmi. sG^mztitc^mmzmtDzmm&mmiz^ 



(Application No.) (Filing Date) 



(Application No.) (Filing Date) 

WitStMU Sfcfc, a*t:a{S©fKii£&ir*ff-pfc«^ 

a, *HsysyBi s*g$i 0 0 l&tas^t, m^^tzitmm, 

£L< Ji*©ffi;£fc:«k DffiSJ^H, *fc*©J;aftjR*t«t5i6 
*©^Sfi1Sfc:»gH*s^-rsc: t^S»bfe±fKiE^fTtoti 



(Application No.) (Filing Date) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided by 
the first paragraph of Title 35, United States Code, Section 1 12, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56 which became available between the filing date of 
the prior application and the national or PCT International filing 
date of application: 

(Status: Patented, Pending, Abandoned) 

mu ■. f^fr-fT-Ris mm*, mm) 



(Status: Patented, Pending, Abandoned) 
(MM : ?$ttft-RK ffi«iK ftfg) 
I hereby declare that alt statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Stephen A. Bent, Reg. 29,768; David A. Blumenthal, Reg. 
26,257; Beth A. Burrous, Reg. 35,087; Alan I. Cantor, Reg. 
28,163; 

William T. Ellis Reg 26,874; John J. Feldhaus, Reg. 28,822; 
Patricia D. Granados, Reg. 33,683; John P. Isacson, Reg. 
33,715; 

Michael D. Kaminski, Reg. 32,904; Lyle K. Kimms, Reg. 
34,079; Kenneth E. Krosin, Reg. 25,735; Johnny A. Kumar, 
Reg. 34,649; 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the 
following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

Glenn Law, Reg. 34,371; Peter G. Mack, Reg 26,001; Brian 

J. McNamara, Reg. 32,789; Richard C. Peet, Reg. 35,792; 

Sybil Meloy, Reg. 22,749; George E. Quillin, Reg. 32,792; 

Colin G. Sandercock, Reg 31,298; Bernhard D. Saxe, Reg. 

28,665; 

Charles F. Schill, Reg 27,590; Richard L. Schwaab, Reg. 
25,479; Arthur Schwarz, Reg. 22,115; Harold C. Wegner, 
Reg. 25,258 



Send Correspondence to: 

FOLEY & LARDNER, 
Washington Harbour, 3000 K Street, 
N.W. Suite 500, P.O. Box 25696, 
Washington D.C. 20007-8696 U.S.A. 



Direct Telephone Calls to: (na, 
Johnny A Kumar 
FOLEY & LARDNER 
(202) 672-5489 



e and telephone number) 



Full name of sole or first inventor 
Gaku TAKANO 



Inventor's signature 



Date 



mm 



Residence 

Yokohama-Shi, Kanagawa-Ken , Japan 



mm 



Citizenship 
Japan 



Post Office Address 

A221, Creare-Toshiba-Nakadai, 33-12, Higashi-Terao-Nakadai, 
Tsurumi-Ku, Yokohama-Shi, Kanagawa-Ken, Japan 



Full name of second joint inventor, if any 
Eiichi SAKAUE 



Second inventor's signature 



Date 



Residence 

Shinagawa-Ku, Tokyo-To , Japan 



Citizenship 
Japan 



Post Office Address 
10-1-309, Kita-Shinagawa 5-Chome, Shinagawa-Ku, Tokyo-To, 
Japan 



gig-to HSriBli b H&^TS Z ( Supply similar information and signature for third and subsequent 

joint inventors.) 
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